INTRODUCTION
Over a few decades, medicinal chemists have devoted significant efforts to develop structureactivity relationships (SAR) for the quinolone class of antibacterial agents. This effort has rendered several of the most potent, orally active anti-infective agents available today, filling the need for structurally novel therapeutic agents for use against increasingly resistant pathogens. 1 The new fluoroquinolones are structurally characterized by a five-or six-membered nitrogen-linked heterocycle at C-7. Particularly notable in this regard are the 1-piperazinyl and the 3-amino-1-pyrrolidinyl substituents, present in several of clinically relevant quinolones.
1,2 Our initial SAR studies about C-7 amino-derivatives were concentrated on the pyrrolidine mimics, methylthio-substituted pyrrolidines which sulfur atom has lone pair electrons that can participate in hydrogen bonding with drug target and increase the liphophilicity of the novel compounds.
3 Also, we have designed novel pyrrolidines, which possessed both a methylthio substitute and an amine substitute. 4 While almost all of the nitrogen heterocycles are linked to the quinolone ring through the heterocyclic nitrogen, less attention has been paid to the application of bicyclic amine. From strictly chemical considerations, sulfur-substituted diazabicyclooctane derivative (2) can be envisioned (Chart 1), depending on the cyclization of 3-amino-4-methylthio-pyrrolidine (1) . In this paper, we report the syntheses and antibacterial activities of new quinolone derivatives having sulfur-substituted bicyclic amine at the C-7 position.
RESULTS AND DISCUSSION
Alkaloids that contain saturated five-and sixmembered nitrogen heterocycles 5 and diazabicyclic compounds 6 play an important role in many natural or unnatural products since they are important components in many biologically active compounds and show potent biological activities. To demonstrate the biological activity of quinolone having diazabi-531 cyclic derivative at C-7 position, we have designed and synthesized the protected 5-methylthio-2,7-azabicyclo[3.3.0]octane 3. 7 First of all, for applying this derivative in the synthesis of quinolone antibacterial agents, the Boc protection group of 3 was deprotected by TFA to afford 5-methylthio-2,7-azabicyclo[3.3.0]octane 4 as shown in Scheme 1. Next, the coupling reaction between compound 4 and the quinolone nucleus 5 [8] [9] [10] was performed according to the general procedures, 9 using DBU as a base in refluxing acetonitrile, to generate the new quinolone derivatives 6 in the range of 61-69% yield (Scheme 2).
The novel quinolones (6) were tested for in vitro antibacterial activity against 20 representative Grampositive and Gram-negative strains. Data for selected strains are reported as minimum inhibitory concentrations (MIC) expressed in µg/mL (Table 1) . For comparison, ciprofloxacin (CPFX) was employed as a reference. In the C-8 substituted (X) series, the order of antibacterial potency is CCl (6a)>CF (6b) >N (6c) as can be deduced from Table 1 .
Compounds 6a-6c show strong activity against
Gram-positive bacteria. In particular, they are highly potent against Streptococcus pyogenes (1 to 3 folds more potent than CPFX) and Staphylococcus aureus (1 to 4 folds more potent than CPFX). Among them, 6a displayed the most strong activity profile against Gram-positive bacteria. On the other hand, the novel quinolones show somewhat less potent than CPFX against Gram-negative strains. In summary, a series of quinolone antibacterial agents Chart 1.
Scheme 2. Synthesis of quinolone derivatives 6. having a 5-methylthio-2,7-diazabicyclo[3.3.0]oct-7-yl moiety at the C-7 position has been synthesized and the activities were tested. They showed strong activity against Gram-positive organisms but weak activity against Gram-negative organisms comparing to ciprofloxacin.
EXPERIMENTAL SECTION
Melting points were taken on a Gallenkemp melting point apparatus and are uncorrected. Proton NMR spectra were recorded on Bruker FT-80 spectrometer. Column chromatography was performed with E. Merk silica gel, 70~230 mesh ASTM, and thin layer chromatography was performed with silica gel 60 F254 plates. The minimum inhibition concentrations (MICs in µg/ml) for new quinolone derivatives were determined by using standard technique 11 and compared to ciprofloxacin. 
